By means of the nonlinear modeling technique, we find the nonlinear deterministic structures in the totally 4737 Human promoter sequences. These deterministic structures prefer to occur much more outside of a special region around the transcriptional start site. The number and positions of the deterministic structures are basically different for different promoter sequences. Generally, they do not coincide with the CpG islands, the simple repetitive sequences and the low-complexity sequences, which tell us that they should be special structures with biological functions rather than these special segments.
I. INTRODUCTION
HUMHBB DNA sequences [31] . It is found that the non-coding sequences have deterministic structures, especially in human DNA sequences, while the coding sequences behave similar with randomly positioned sequences. But the discussions are based upon an average over the whole length of the considered sequences. The local properties are not considered at all.
In this paper we use the NM method to reveal information embedded in the set of 4737 PPRs extracted from the human genome presented in the Web site in Ref. [7] ), based upon which we find the sequence segments with deterministic structures. Rather than the global average properties, we present in this work the local characteristics of the PPRs. Instead of the occurrence probabilities of the special oligonucleotides containing consensus sequences of promoters, we are interested in the deterministic structures in the whole sequences.
II. METHOD
To make our paper self-contained, we review NM method briefly. A schematic representation of the method is shown in Fig.1 . Consider a PPR denoted with ) , , , ( 
The properties of each sub-chain can be employed to represent the corresponding local characteristics.
For each sub-chain k X , connecting the starting and the end of this segment, we can organize it in d -dimensional delay-register vectors: ) , , ( 
For each vector The closeness of a pair of symbols is measured by the Hamming distance, 0, ( , ) 1,
The closeness of a pair of vectors i k X and j k X can then be measured by,
.
The nearest neighbor U X X such that it is a minimum for i j ≠ . The overall mean error in the sub-chain k can be computed as,
For uncorrelated chains, there is no relation between any pair of bases. The overall mean error in Eq. (5) can be approximated by,
where ( ) ρ ⋅ denotes the probability of occurrences for the symbol ) (⋅ . The finite length of a DNA segment will induce a deviation from this theoretical result. The criterion by which we find deterministic structures is then, 
An alternative solution to distinguish the deterministic structures is presented in Ref. [31] . . Empirical result shown in Table ( 1) tells us that the value of γ varies in a considerable large region, and even can reach 78% for a special set of the occurrence probabilities. Hence, the solution the present work may be relatively better due to the large set of samples ( J is assigned 3000 ).
The other important feature in the NM method is the sensitivity to detect the deterministic structures. Consider a segment with deterministic structure as depicted in Fig.1 
III. RESULTS AND DISCUSSIONS
All the 4737 PPRs from the human genome are considered in this paper. Consider the total length of a PPR as a sub-chain, that is,
. For all the PPRs, we calculate the overall mean errors as a function of the embedding dimension d . In Fig.2 the results for the sequences labeled 1,10,100,1000,1001,1002,1004,1005,1006,1007,1008,1009 in the web site in Ref. [7] are presented as the typical examples, denoted with sequence 1 to sequence 12, respectively. While for uncorrelated sequences the overall error does not dependent on the 
which is also consistent with the findings in Ref. [30] .
The other adjustable parameter is the length of a sub-chain. If it is too long, the overall error will be an average of a large scale, which cannot give us local information precisely. While for a too short sub-chain, the local information will be submerged in large fluctuations. Results for all the PPRs are calculated and Fig.4 shows several typical results of the overall error the DVs with bottom lengths less than 10,50 and100 , the integrated probabilities are also illustrated in Fig.8 , respectively. We can find that the DVs with long bottom lengths prefer much more to occur outside of this special region.
One of the findings in Ref. [7] is that many transcription factor-binding sites in the human PPRs such as the TATA, GC and CAAT boxes often occur near the transcription start site [36] . They have preferred locations between the positions 1700 and 2050 bp (i.e., 300 − and 50 + relative to the transcriptional start site), which suggests that the basal promoter and nearby upstream regulatory elements are found in the region between 1700 and 2050 bp, in accord with a recent study from the Myers laboratory, where 91% of 152 DNA fragments containing regions 1450 to 2050 were active as promoters in at least one of four cell types evaluated [5] .
Hence, the special region of [1500, 2000] where the occurrence probability of DVs tends to vanish in our findings should correspond with the region that the transcription factor-binding sites . The real lengths of the deterministic structures found in this paper should be at least several hundreds. Hence, it is necessary to distinguish the DVs from the other segments having special structures as the CpG islands, the simple repetitive sequences and the low-complexity sequences.
In Ref. [7] , a DNA region is defined to be a CpG island, if (i) it is 500bp ≥ in length; (ii) it has a G + C content 50% ≥ ; and (iii) its ratio of CpG observed/expected is greater than or equal to 0.6 . They find that in the total of 4737 PPRs the CpG islands appear to cluster near the transcriptional start site (the position 2001 ). The occurrence probabilities of the DVs are different completely with that of CpG islands, which can tell us that the DVs found in the present work should be special structures rather than the CpG islands.
The simple repetitive and low-complexity sequences are absent from the proximal promoter regions, but can often be found in the upstream sequences. The program Repeatmasker Web Server [39] is used to search the simple repeats and the low-complexity segments in all the PPRs. In summary, in each PPR sequence we find some special regions where we can find significant deterministic structures, while outside of these regions the elements are positioned in an uncorrelated way. These deterministic structures are called deterministic valleys (DVs) in this paper. The number, positions and widths of the DVs vary for different PPRs. A suitable set of the parameters ) , ( d M can reveal the DVs almost perfectly. The nontrivial occurrence probability of the widths and the positions of these DVs tell us that they may have new important biological functions rather than CpG islands, the repetitive sequences and the low-complexity DNA, which should be investigated in detail. The relations of the DVs with the other segments as the core promoters, the enhancers, the transposable elements (TE) and so forth are an interesting problem to be investigated in detail. deterministic structure, the length of which is L . There is a delay interval that only when the overlap between the sliding window and the considered segment is larger than it can we find a distinguishable decrease of the overall average error. This interval is denoted as s . Table ( 1) The Criterions to determine whether there is a deterministic structure in a DNA segment with a special set of occurrence probabilities for A, T, C and G.
). [1850, 1980] , where the proximal promoter regions prefer to occur and a significant sharp peak is shaped.
